Introduction
Transform-domain ultra-wideband (UWB) receiver (Hoyos & Sadler, 2006) , is a new UWB receiver implementation method, considering a novel approach that utilizes, analog basis expansion of the input signal, followed by parallel sampling of the basis coefficients (Hoyos & Sadler, 2004) , to face significant implementation challenges, including achieving sufficient front-end dynamic range, to support desired receiver processing gain, and rejection of large narrowband interferers (NBI), and overcoming channel-induced distortion. This method enables parallel digital signal processing, and leads to considerable complexity reduction, while still achieve a performance very close to Nyquist rate digital receivers, even when operating at a Sub-Nyquist sampling rate, without significant BER penalty, if the truncation error is negligible compared with the additive noise, or if the incurred SNR degradation can be mitigated by the channel decoder (Hoyos & Sadler, 2006) . Since the receiver has N parallel paths, the sampling rate for each path will be N times lower than if, a Nyquist rate time-domain ADC were used to sample the input signal. If the front-end frequency selectivity of a conventional receiver does not provide the required attenuation of the adjacent frequencies, the remaining unknown and undesired adjacent channel interference, will fold into the signal band. Thus, by using the orthogonality principle in the frequency domain, the transform-domain receiver can select signals with great accuracy, even if strong interferers are nearby. Unfortunately, there are practical limitations to this solution due, to the limited number of frequency samples that can be taken, because of the complexity in the parallel bank of mixers and integrators needed. This limitation requires us to perform frequency sampling over short time windows, which in turn produces bandwidth expansion due, to convolution in the frequency domain. This frequency expansion implies overlapping (aliasing) in the frequency domain, i.e., loss of orthogonality.
The loss of orthogonality causes the adjacent, as well as in-band, interferers to overlap with the signal of interest producing destructive aliasing. A structure of multipath transformdomain receiver was proposed in (Prakasam et al., 2008) . However, this chapter aims at proposing a selective, time-domain UWB, Wireless Local Area Network (WLAN) front-end, employing a direct-sequence architecture (Razavi, 1997) , and introducing a multi-block designed Low-Noise Amplifier (LNA), in order to minimise the loss of orthogonality effect in the transform-domain receiver, due to short windowing in parallel sampling of the basis coefficients, during the analog basis expansion of the input signal, while ensuring a better trade-off between, selectivity, linearity, noise figure, and power consumption. The first topic of this chapter describes the transform-domain receiver architecture, where the analog basis expansion principal of the input signal is briefly introduced. Then, the next topic presents the circuit techniques, including the circuit design and simulations results of the front-end receiver, while the last topic draws the conclusions.
Transform-Domain Receiver
The transform-domain receiver architecture ( Fig. 1 ), shows the transmitted bit i a estimation process, from the set of the coefficient
provided by the quantized basis coefficients .
An estimate of a , namely â is obtained via the linear receiver matrix H as:
In the case of an transform-domain receiver, the linear formulation in (1) includes the InterSymbol Interference (ISI) between the received pulses of ) ( t r , so solving the linear filtering problem presented in (1) will perform both signal detection and equalization (Hoyos & Sadler, 2006) . Thus, the transform-domain receiver parallelization can be exploited to add robustness to adjacent channel interference, witch would be greatly helpful for the WLAN receivers, occupying the 5-6GHZ frequency band (group #2), in the case of the UWB system standard (Federal Communications Commission, 2002) , where the neighboring nodes may be very closes, contrasting with the expensive signal detection and equalization with conventional architectures (Blazquez et al., 2005) , (Chen & Chiueh, 2006) . The fundamental difference between the transform-domain receiver front-end and the conventional single ADC architectures is the way sampling of the received signal is performed. Folding of the signal spectrum introduced by the time-domain sampling produces the classical frequency aliasing effect. The adjacent channel interference will fold into the signal band, and may seriously distort the discrete-time representation of the signal, if the front-end frequency selectivity of a conventional receiver does not provide the required attenuation. Unfortunately, even when we use the orthogonality principal in the frequency domain, witch can select signals with great accuracy, even when strong interferers are nearby, the number of the frequency samples that can be taken is limited, because of the complexity in the parallel bank of mixers and integrators needed (Fig. 1) . Thus, loss of orthogonality can be caused by the frequency expansion induced by the convolution in frequency domain, when performing a frequency-domain sampling over short time windows.
www.intechopen.com Attenuation of the adjacent channel at the front-end of the receiver is critical to avoid catastrophic aliasing after frequency-domain sampling. The aim of this work is to provide a great selective time-domain front-end reception part, for the transform-domain UWB WLAN receiver, in order to minimize the overlapping (aliasing) in the frequency domain caused by the short time windowing limitation.
Design Techniques
3.1 Dynamic Feedback LNA Several proposals were introduced lately for the design of low-power, UWB CMOS LNA (Park, et al., 2005) , (Yu et al., 2006) , (Shameli & Heydari, 2006) , (Yo & Yoo, 2007) . Due particularly to its low input impedance, the common-gate input LNA exhibits an excellent linearity, selectivity, and impedance matching over the common-base LNAs (Cusmai & Brandolini, 2006) . This makes it the best candidate to integrate into transform-domain receivers, wherein the selectivity compared to the adjacent UWB groups, would be of a major importance. Unfortunately, the limited small signal gain and relatively high noise figure (NF) values, constitute serious handicaps for their use. Figure 2 depicts the structure of the proposed, multi-block designed LNA, introducing the dynamic feedback architecture. For linearity purpose, the voltage-voltage feedback is the better way to take advantage of the commongate LNA. One interesting property of the circuit is its input impedance depends on the loop transfer function. The idea is then synthesizing a single resonance load network, able to simultaneously shape the frequency transfer function, and the input impedance. By inspection of the circuit, and since the marginal wideband gain contribution of the source follower, the input impedance )
and the frequency transfer function ) (  j T are given by :
Where
, is the equivalent transconductance gain introduced by the transistor M 1 and M 2 ,  the feedback factor, and Load Z the load impedance. From (2), the input impedance has the same frequency dependence as the load impedance.  is chosen so that
, where p R is the load resistance at the resonance. Thus, the LNA is easily matched to the source resistance s R at frequency band of interest. Furthermore, if the load impedance intentionally presents also a series resonance for filtering purposes, the amplifier input impedance is unmatched at resonance frequency. The resulting power reflection is beneficial, contributing to reduce the signal processed at the interferer frequency. The amplifier load impedance Load Z can be designed to filter out 3-5GHz and 6-10GHz interferers, while amplifying 5-6-GHz WLAN UWB signals and the input impedance is matched to the source in UWB WLAN band only. On the other hand, the dynamic feedback LNA achieves a significant conversion gain improvement, mainly due initially, to the composed open loop dynamic feedback LNA structure, as depicted in the figure 3, where the C 2 represent the equivalent capacitor www.intechopen.com
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between the input and the output of the circuit, and secondly to the inductive load of the feedback circuit, which as will be detailed later on, increases the gain by reducing the LNA to a simple second order circuit with zero at the origin, for certain inductance L values. The small signal gain is then, maximized within the frequency band between the two poles. In the case of the UWB WLAN communication systems, we can maximise the small signal gain by replacing them within the 5-6GHz frequency range. The M 1 transistor is biased with 3.8mA, and the load circuit (L 1 C 1 ) initially centers the small signal gain at 5GHz, the UWB WLAN lower limit. C A symbolise the M 1 -M 3 gate-to-gate capacitance (~200fF), where C B capacitor still in the order of 700fF. The two poles introduced by the dynamic feedback are mainly dependent on the high frequency capacitors of the transistor M 3 (Razavi, 2001 ).
Equations (4), (5) and (6) show the source follower high frequency transfer function (Razavi, 2006) . where:
These equations show that, by introducing two additional poles, a UWB LNA with dynamic feedback is likely to suffer from a chronic instability over all UWB frequency band. In our case, the small signal model of the proposed dynamic feedback circuit is shown in figure 4 . Thus, the feedback circuit transfer function can be described as: 
And :
Accordingly, both the impedance Z , and the coupling capacitor C are introduced for the LNA gain conversion optimization. On the other part, the dynamic feedback based on a source follower circuit, with an inductive output, allows an inductive behaviour of the feedback circuit input impedance (Fig. 5) witch helps improving the small signal gain too, with more idealized voltage-voltage amplifier circuit (Razavi, 2001) . Consequently, the dynamic feedback circuit can also make it possible, to minimize the NF, induced by the purely capacitive feedback circuit proposed by (Cusmai & Brandolini, 2006) . It's important to note here the marginal dynamic feedback open loop contribution, for the UWB WLAN LNA, in terms of small signal gain (Fig. 6) , and NF (Fig. 7) , especially at the frequency band of interest. Thus, the small signal gain improvement can be achieved without power noise amplification, witch help improving the NF as needed. The frequency response simulation results suggest that, for a specific inductive load range values L, the closed loop feedback circuit contribution is effectively reduced to a simple zero at the origin (Fig. 8) , witch ensures a perfect stability for the LNA circuit, over the entire UWB frequency band. However, for other inductance L range values, the UWB WLAN LNA could become deeply instable, with four poles occupying a larger frequency range (ex. L=1.5nH). The conversion gain can thus be maximized, by introducing an optimum inductance L, and capacitor C values (L=4.5nH, C=0.4pF), until reaching 27dB at 5.65 GHz (Fig. 9) , (Fig. 10) . Regarding the noise figure issue, and according to the Friis equation for cascaded stages, the overall noise figure is mainly determined by the first amplification stage, provided that it has sufficient gain. You achieve low noise performance by carefully selecting the low noise transistor, DC biasing point, and noise-matching at the input, and the noise performance is characterized by NF value, defined as the ratio between the input signal-to-noise ratio and the output signal-to-noise ratio (9). 
Thus, one other advantage when considering the multi-block LNA design methodology, as depicted in (Fig. 2) , is the fact that the trade-off between the conversion gain and the noise figure is no longer needed, since, as detailed earlier, the conversion gain could be optimised by properly shaping the over all LNA circuit transfer function. Consequently, the multiblock design LNA circuit noise figure, can be lowered by means of proper input stage circuit, and feedback circuit biasing, considering only the power consumption limitations. Concretely, by introducing a dynamic feedback, with a distinct biasing for the input stage circuit, we actually de-correlate between the available noise power from the source ( in N ), and the available noise power to the load ( out N ), and hence, one can be able to reduce the global NF value. Effectively, the figure 11 shows that, the dynamic feedback LNA noise figure values, vary now from 3.86dB down to 2.78dB in the 5-6GHz frequency range, when considering the inductance optimum value (L=4.5nH), depicted in black curve. As expected, this presents a 0.78 dB average gain with respect to the 4.1dB LNA minimum noise figure, developed by the common-gate made device in (Cusmai & Brandolini, 2006) , even when biased at 5mA. However, the dynamic feedback LNA input stage where biased at 3.8mA, with marginal power consumption for its ultra low-power feedback circuit. In terms of linearity, compared to the LNA circuit proposed by (Cusmai & Brandolini, 2006) , the dynamic feedback significant narrow-band conversion gain improvement, was produced at the cost of slight linearity reduction, with a 1dB compression and desensitizing point falling at +1,-2 dBm respectively (Fig. 12) , as depicted in (Tab. 1), witch reports the proposed LNA related performances, in comparison with a various recently published UWB
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LNAs, including common-source degenerated devices. We also note that, the commonsource input stage LNA (Park, et al., 2005) , show a poor linearity performance, even with an ultra low-power made devices (Shameli & Heydari, 2006) , suggesting that the trade-off between, conversion gain, noise figure, linearity, and power consumption could be relaxed, only when considering a multi-block design methodology, with distinct biasing circuits. 
Downconversion Mixer
The choice of a single-balanced mixer instead of its double-balanced alternative is due to the converter would be required after the LNA witch increase the power, and the higher noise introduced by the double-balanced solution. The mixer schematic is shown in (Fig. 13) . A single common-source g m -transistor (M 1 ) injects the RF signal in two single-balanced quadrature commutating pairs. When compared to the conventional solution adopting two separate transconductors, this choice allows a higher switching pair current gain (Sjoland & Karimi-Sanjaani, 2003) . A current source is used to set transconductor and switching stage current independently, in order to lower to DC current in the switching stage, witch leads to a lower noise (Darabi & Abidi, 2003) . The inductor L H extend the commutation bandwidth with benefits to conversion gain, noise and linearity (Razavi, 2007) . The bias current of the g m -transistor (M 1 )
should be higher enough (~5mA) to achieve the desired conversion gain, noise figure and IIP3. The Vgs of the LO switches is set near the V t to achieve a low bias current, and at the same time ensure that the required LO amplitude remains at a reasonable level (300mVpp) for complete current commutation. The LC circuit present a high impedance at 5.6GHz, such that the output AC current of (M 1 ) will flow into the LO switches. The quadrature mixer achieves 5.8dB CG, 8.8 dB and +1.68 dBm IIP3 at 5.6GHz (Fig. 14) . The DC offset in mixers is a critical parameter for direct conversion receivers, since most of the gain occurs after the downconversion of the input signal and the receiver can be saturated if the offset is too large, but the direct-conversion architecture lends itself to UWB receivers, because static and time varying DC offsets can be easily removed in the adopted OFDM modulation where the subcarrier falling at DC is not used (Batra et al., 2004) , and because of the wide bandwidth makes the (1/f) noise less critical. 
Baseband Filter
An SK filter (Razavi, 2006) is designed in conjunction with the above mixer. The core amplifier is a simple low-gain circuit to obtain flat-band behaviour across 300MHz. Consequently, the voltage swings reduction removes the compression bottleneck at the mixer output; however, the loop gain does not force a virtual ground at these nodes. The baseband filter is therefore designed with a 2dB limited loop gain, this is mainly due to the substantial narrow-band conversion gain produced by the downconversion mixer at the 5-6Ghz frequency band, therefore, the later is likely to experience a compression at it's output. Finaly, table 2 reports the proposed selective, time-domain front-end performances, in comparison with the selective UWB front-end presented in (Cusmai & Brandolini, 2006) . One can note that, the high interferer rejection developed by the multi-block LNA design methodology; very useful to overcome the UWB transform-domain receiver problem, has been achieved with an excellent front-end linearity, noise figure, and even power consumption performances. Therefore, the front-end subsequent stages design 
Conclusion
In this work, a very robust quadrature time-domain CMOS front-end for transform-domain UWB WLAN receiver has been presented, showing 1-dB desensitization point as high as2dBm, with 27dB narrow-band conversion gain, and 35dBc interferer rejection, witch helps minimizing the loss of orthogonality effect, introduced by the short windowing, in the analog basis expansion of the input signal. The introduced multi-block design LNA, based on highly linear voltage-voltage dynamic feedback topology, filter out the UWB interferers in group #1 and #3, while amplifying the UWB WLAN signal, and shows a better trade-off between linearity, conversion gain, and power consumption. The downconversion mixer is single-balanced, with the two quadrature pairs sharing the same input transconductor. Further research, will focusing on the implementation of the frequency-domain part of the transform-domain UWB WLAN receiver, where the receiver expands the signal over a basis set, and then operates on the basis coefficients, in order to better use the time-domain front-end performances .
